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Abstract: The existing theory of planetary magnetic field holds that Jupiter has an internal magnetic field similar to the
geomagnetic field, it is formed by the agitation of liquid metal hydrogen. But this hypothesis fails to explain many strange
properties of Jupiter's magnetic field, especially that Jupiter's magnetic field is changing over time, which was discovered by
NASA’s Juno spacecraft. Hence, the hypothesis that Jupiter's magnetic field is internal magnetic field is incredible. Thus, the
author analyzed the formation and evolution of Jupiter as well as its internal structure and external environment again, and has
found the formation and change of Jupiter’s magnetic field: During Jupiter's rapid rotation, a series of strong polar vortices are
produced at the poles of Jupiter. These vortices contain a series of strong spiral currents, which can form a series of strong dipole
magnetic fields. The superposition of these dipole magnetic fields form the original magnetic field of Jupiter. Since
Jupiter has many massive moons, these satellites are constantly rotating around Jupiter, which has a huge impact on Jupiter's
magnetic field. When a massive Jupiter satellite approaches a polar vortex, it can tilt, stretch, shear or break the polar vortex, even
draw some sub cyclones out of the polar vortex, and some sub cyclones may turn into cyclones with opposite flow direction.
Hence, the destruction of Jupiter's satellites will not only weaken the dipole magnetic field produced by the original cyclone, but
also generate some reversed magnetic fields, which can counteract part of the original magnetic field. When this kind of Jupiter
moons revolve enough times, the superposition of the generated magnetic fields of opposite direction will cancel out the original
magnetic field, finally, making Jupiter’s magnetic field reverse. Therefore, the north pole of Jupiter's magnetic field is near the
geographical North Pole, and the south pole of Jupiter's magnetic field is near the geographical South Pole. Hence, the direction
of Jupiter's magnetic field is opposite to that of Earth's magnetic field.
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is incredible. Thus, the author analyzed the formation and
evolution of Jupiter as well as its internal structure and
external environment again, and has found the formation and
change of Jupiter’s magnetic field [4-6].

1. Introduction

The existing theory of planetary magnetic field holds that
every planet in the solar system has an internal magnetic field
similar to the geomagnetic field [1, 2]. However, Jupiter is

made up of helium and hydrogen. Because the electric 2, The Formation and Change of
conductivity of these two elements is relatively weak, some Jupiter's Magnetic Field
theorists speculate that the tremendous pressure exerted by upiter's gnetic ke

Jupiter's interior causes the formation of liquid metal
hydrogen, which has the same conductivity as metal, therefore
Jupiter's magnetic field is formed by the agitation of liquid
metal hydrogen. But these theorists fail to explain many
strange properties of Jupiter's magnetic field, especially that
Jupiter's magnetic field is changing over time, which was
discovered by NASA’s Juno spacecraft [3]. Hence, the theory
holding that Jupiter's magnetic field is internal magnetic field

Jupiter is the most massive planet among the eight
planets in the solar system, with a mass 2.5 times that of
other planets, among the constituents, hydrogen accounts
for 75% of the total mass and helium accounts for 25% of
the total mass. In addition, it is the fifth farthest planet from
the Sun. But according to the gravitation of the eight planets
to the ejecta (such as gas molecules, dust or other
substances) on the surface of the sun, as is shown in table 1,
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Jupiter is the most attractive planet [7]. As a result, Jupiter
is the planet that absorbs the most solar ejecta, becoming
the largest gas giant. Jupiter has the deepest planetary

atmosphere in the solar system, whose thickness is greater
than 5000 km and basic atmospheric pressure is no less than
IM Pa.

Table 1. Ratio of the main planets’ gravity on objects on the Sun's surface.

planet mass average distance from the sun Ratio of planet’s gravity relative to Mercury’s gravity
Mercury 3.3022x10% kg 57909050 km 1

Venus 4.8690%x10* kg 108209184 km 0.42228

Earth 5.9650x10* kg 149597888 km 2.70684

Mars 6.4219x10% kg 227925000 km 0.12554

Jupiter 1.9000x10” kg 778547050 km 31.8327

Jupiter is also the fastest spinning planet, during its
rotation, a series of polar vortices with a height of several
thousand kilometers are formed. Since the clouds involved in
a polar vortex are numerous and revolve rapidly, when they
get to the bottom of the vortex, it is easy to have violent
frictions and collisions among clouds, and constantly
generating violent lightning and releasing huge electric energy,
making the temperature of the surrounding air rise rapidly to
tens of thousands of degrees and the atmospheric pressure also
rise to more than 1MPa, so the gaseous hydrogen in the vortex
changes into liquid metal hydrogen [8]. Since liquid metal
hydrogen is a conductor with excellent conductivity, the
vortex’s lightning through rotating liquid metal hydrogen
transforms into spiral electric current, as is shown in Figure 1
(captured by NASA's Hubble Space Telescope), which then
produces a strong dipole magnetic field [9], as is shown in
Figure 2.

Because Jupiter's atmosphere is much thicker than
Earth's, the polar vortices generated by Jupiter's
atmosphere are more powerful and stable than those on
Earth, therefore the dipole magnetic fields formed by
Jupiter’s polar vortices are much more stable than that by
Earth’s polar vortices. However, Jupiter's dipole magnetic
fields are not unchangeable, but changes with the passage
of time and the change of the environment [10]. Since
Jupiter has many massive moons, these moons are
constantly rotating around Jupiter, which has a huge impact
on Jupiter's dipole magnetic fields. When a massive Jupiter
moon approaches a polar vortex, it can tilt, stretch, shear or
break the polar vortex, even draw some sub cyclones out of
the polar vortex, and some sub cyclones may turn into
cyclones with opposite flow direction, as shown in Figure 3.
Hence, the destruction of Jupiter's moons will not only
weaken the dipole magnetic field produced by the original
polar vortex, but also generate some reversed magnetic
fields, which can counteract part of the original dipole
magnetic field. When this kind of Jupiter moons revolve
enough times, the superposition of the generated dipole
magnetic fields of opposite direction will cancel out the
original dipole magnetic field, finally, making Jupiter’s
magnetic field reverse. Therefore, the north pole of
Jupiter's magnetic field is near the geographical North Pole,
and the south pole of Jupiter's magnetic field is near the
geographical South Pole. Hence, the direction of Jupiter's
magnetic field is opposite to that of Earth's magnetic field.

Figure 3. Jupiter s Arctic polar vortex and its sub cyclones.

Moreover, some sub cyclones will move under the
gravitational pull of a Jupiter moon, even around the planet,
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therefore, many strong elliptical cyclones can be seen in the
atmosphere of Jupiter at different latitudes. For example, the
Great Blue Spot and the Great Red Spot near the equator are
large-scale cyclones [11], they can also produce dipole
magnetic fields superimposed on the original magnetic field.
So, Jupiter's magnetic field changes over time (called secular
variation) [12]. But in the past scientists speculated that this
change may be caused by the deep atmospheric wind of the
planet. Obviously, it's illogical to associate wind with the
hypothetical internal magnetic field, which hasn’t revealed the
root cause for the change of Jupiter's magnetic field. In fact,
the magnetic field is generated by cyclones, and the wind is
induced by moons. Without the gravity of a moon, there would
be no wind. Because most of the massive moons orbit close to
the equatorial plane of Jupiter, as is shown in Figure 4, the
winds caused by the movement of Jupiter's moons are mostly
east-west winds, rarely north-south winds [13, 14].

Outer Moons of Jupiter

Newly discovered moons shown in bold

Unlike the group of inner prograde moons, new prograde
Valetudo has an orbit that crosses the retrogrades.
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Figure 4. Orbits of Jupiter s moons.

Figure 5. Jupiter s magnetic field supposed to have two south poles.

Although Jupiter's dipole magnetic field is very strong, it is
very limited compared with the giant Jupiter. In fact, the dipole
magnetic field produced by Jupiter's polar vortices is difficult to
cover the whole planet. Especially Jupiter is a gas giant, its
rapid rotation creates a huge centrifugal force, which makes
Jupiter's poles relatively flat and equator heavily bulged out.
Hence, most of the magnetic lines of the dipole magnetic field
produced by the polar vortices pass through the bulging
atmosphere near the equator. This makes it easy for some
spacecrafts to detect that a part of the magnetic field line from
Jupiter's Arctic magnetic field ends at the equator. In addition,
the Great Blue Spot near the equator is also a large-scale

cyclone, which can produce a strong dipole magnetic field
whose north pole points to the ground and south pole points to
the sky. This makes it easy for the spacecrafts to detect that
Jupiter’s dipole magnetic field has two south poles, one is near
the Great Blue Spot near the equator, another is near the South
Pole of Jupiter [15], as is shown in Figure 5.

3. Conclusion

The existing theories of the origin of planetary magnetic
field are all based on the internal generator theory of
geomagnetic field, which is still in doubt, therefore they are
led astray, unable to explain the formation and change of
Jupiter’s magnetic field and other complicated magnetic fields.
Thus, the author analyzed the formation and evolution of
Jupiter as well as its internal structure and external
environment again, and has found the formation and change of
Jupiter’s magnetic field. During Jupiter's rapid rotation, a
series of strong polar vortices are produced at the poles of
Jupiter. These vortices contain a series of strong spiral currents,
which can form a series of strong dipole magnetic fields. The
superposition of these dipole magnetic fields form the original
magnetic field of Jupiter. As Jupiter's moons rotate around it,
some of Jupiter's massive moons can induce some sub
cyclones from the Jupiter's atmospheric vortices. These sub
cyclones form powerful cyclones by absorbing dense clouds
and generate some new magnetic fields, which are
superimposed on the original magnetic field to form more
complex magnetic field of Jupiter. So Jupiter's magnetic field
changes with time and the external environment.

References

[1] Zaghoo Mohamed, Collins G. W. Size and Strength of
Self-excited Dynamos in Jupiter-like Extrasolar Planets [J].
The Astrophysical Journal, 862 (1), March 2018.

[2] Yue-Kin Tsang; Chris A. Jones. Characterising Jupiter's
dynamo radius using its magnetic energy spectrum [J]. Earth
and Planetary Science Letters, 2020-01-15.

[3] Lucia D. V. Duarte; Johannes Wicht, Thomas Gastine. Physical
conditions for Jupiter-like dynamo models [J]. Icarus, 2018-01-01.

[4] Cuixiang Zhong. The Formation and Evolution of the Sun and
the Source of Star Energy as well as the Sunspots and Flares of
the Sun [J]. Journal of Physical Science and Application,
2019-12-05.

[5] Cuixiang Zhong. The Origin of Geomagnetic Fields and the
Cause of Its Reversal [J]. International Journal of Geophysics
and Geochemistry, 2018-09-30.

[6] Cuixiang Zhong. The Origin of Geomagnetic Field as well as
the Generation of Geomagnetic Declination and the Cause of
Geomagnetic Reversal [C]. Proceedings of the 14th
International Symposium on Geomagnetism, Xuzhou, China,
2019-08-29.

[7] D. Durante; M. Parisi; D. Serra; M. Zannoni; V. Notaro.
Jupiter's Gravity Field Halfway Through the Juno Mission
[J]. Geophysical Research Letters, Vol. 47, 4, 2020.



38

(8]

(9]

[10]

[11]

Cuixiang Zhong: Formation and Change of Jupiter's Magnetic Field

Julia Venturini; Ravit Helled. Jupiter’s heavy-element
enrichment expected from formation models [J]. Astronomy
and astrophysics, Vol. 634, 2020.

A. G. Zhilkin, D. V. Bisikalo, P. V. Kaygorodov. The Orientation
Influence of a Hot Jupiter’s Intrinsic Dipole Magnetic Field on the
Flow Structure in Its Extended Envelope [J]. Astronomy Reports,
Vol. 64, 3, 2020, pp 259-271.

Jones Chris. Jupiter's magnetic field revealed by the Juno
spacecraft [J]. Nature, 2018.

Marzia Parisi; William M. Folkner; Eli Galanti; Yohai Kaspi;
Dustin R. Buccino. A mascon approach to estimating the
depth of Jupiter’s Great Red Spot with Juno gravity
measurements [J]. Planetary and Space Science, Vol. 181,
2020.

[12]

[13]

[14]

K. M. Moore, H. Cao, J. Bloxham, D. J. Stevenson, J. E. P.
Connerney & S. J. Bolton. Time variation of Jupiter’s internal
magnetic field consistent with zonal wind advection [J]. Nature
Astronomy, vol. 3, pp. 730-735 (2019).

J. Wicht; T. Gastine; L. D. V. Duarte; W. Dietrich. Dynamo
action of the zonal winds in Jupiter [J]. Astronomy &
Astrophysics, 2019-09-19.

F. Debras; N. Mayne; I. Baraffe; E. Jaupart; P. Mourier.
Acceleration of superrotation in simulated hot Jupiter
atmospheres [J]. Astronomy & Astrophysics, Vol. 633, 2020.

Christopher Crockett. Jupiter's magnetic field is surprisingly
weird [J]. Science News, 2018-09-29.



